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ABSTRACT 
An investigation into the cause of leucoderma among four tappet assembly workers 
revealed the presence of 4-tertiary butyl catechol (TBC) in the assembly oil. This sub-
stance was able to depigment black guinea pig skin in 5% and 10% concentrations in a 
variety of vehicles. The TBC is an irritant to guinea pig, rabbit, and human skin in 
concentrations of 0.5% or greater. Three of the four affected workers had positive patch 
tests to 0.1 o/o TBC in acetone, and one developed depigmentation at the patch test site, 
which persisted during two months of observation. Attempts to sensitize ten albino 
guinea pigs to TBC were unsuccessful. The non-specific irritant effect of the carrier 
assembly oil blend was demonstrated. It is not possible at this time to relate the presence 
of depigmentation from TBC in exposed workers to the observed allergic contact derma-
titis. Most likely these are unrelated phenomena. 
A series of compounds capable of depig-
menting mammalian skin (black guinea pig) 
has recently been studied by Bleehen et al. 
(1). One of these compounds was 4-tertiary 
butyl catechol (TBC). There have been no 
reports in the literature on TBC-induced de-
pigmentation in man. Nor have Bleehen and 
his colleague applied TBC to human skin 
(personal communications, December 8, 1968 
and August 29, 1969). However, contact 
dermatitis due to TBC, following sensitization, 
has been documented (2-5). The industrial 
u es of TBC 'include manufacture of polyester 
re ins, rubber, plastics, and paint and the 
preparation of petroleum products (2-6). 
During the summer of 1968 we investigated 
possible occupational factors producino- leuco-
derma in a tappet assembly plant in J\1:ichigan. 
Tappets are valve lifters used in internal 
combustion engines. The assembly oil that ran 
continuously at various steps of production 
contained TBC a the anti-oxidant. Prolonged 
skin contact wa unavoidable unless gloves and 
sleeve were worn but many workers preferred 
not to use such protection. Four of the 75 
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workers at risk developed leucoderma on 
hands and forearms after episodes of contact 
dermatitis. In three of the workers, distant 
body sites also lost pigment. The details of the 
investigation are to be presented elsewhere. 
In this paper evidence is presented that 
TBC can depigment the skin of man as well 
as the skin of the black guinea pig. 
MATERIALS§ AND METHODS 
A. Human Studies 
1. The four affected workers (three men and 
one woman, all Caucasians, ranging in age from 26 
to 41 years) were patch-tested with the following: 
TBC, 0.1%, in acetone, potassium dichromate, 
0.5%. and nickel chloride, 1%, in water; assembly 
oil No. 4A, OJ% (a 100 mineral seal oil-a high 
temperature naphtha); assembly oil No.9, 0.1% (a 
highly refined kerosene) ; and the inner lining of 
the rubber gloves sometimes worn by the affected 
workers. The ingredients of the glove lining were 
zinc oxide. sulphur, carbon black, and butadiene-
acrylonitrile copolymer. No agerite alba was used 
in making this rubber (personal communication 
from the Surety Rubber Company, Carrollton, 
Ohio. June 21. 1968). 
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Commercial patch test plasters, reinforced with 
occlusive tape. were applied to the outer arm 
(normally pigmented skin) for 18 to 24 hours. 
Readings were made daily for three days and once 
at the end of two months, and graded for the 
presence of inflammation and depigmentation. 
2. Six men (one Negro and five Caucasians, 
ranging in age from 29 to 50 years) volunteered for 
daily inunct ion and occlusion for 7 to 14 days, of 
§ Mention of commercial products or concern~ 
does not constitute endorsement by the Public 
Health Service. 
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TABLE I 
Criteria assigned to assess irritancy of topically 
applied substances 
Observed reaction Assigned 
Degree of 
gradation irritancy 
No reaction 0 Non-irri-
tating 
Erythema* + Mildly ir-
ritating 
Erythema and edema ++ Moderately 
irritating 
Erythema and edema +++ Strongly 
extending beyond irritating 
area of application 
Eschar formation ++++ Severely 
irritating 
*Erythema was difficult to gauge on gray-black 
skin of guinea pig . 
the following materials on normal skin of the outer 
arms: assembly oil blend of oils No. 4A and 9 with 
and without TBC, 0.005% (the stated usage con-
centration); pure TBC, 1% in propylene glycol; 
and propylene glycol. Readings were made before 
each re-application, and weekly for at least two 
months. One of the five Caucasians had vitiligo 
confined to the hands. 
B. Animal Studies 
1. White rabbits were used for the purpose of 
assessing primary irritancy. The following were 
applied to the epilated skin of the back in 100% 
and 0.1 % concentrations in 0.1 ml. aliquots: 
viscous TBC, assembly oils No. 4A, No. 9, and 
a blend of both without TBC. Areas were occluded 
for 24 hours and examined daily for three weeks. 
2. Black guinea pigs were used to assess the 
depigmenting potency of the tested chemicals. 
Twelve randomly bred, adult male and female , 
English, short-hair, black guinea pigs (average 
weight of 675 grams) were challenged with a 
variety of relevant chemicals and solvents. (These 
animals were obtained from Mr. Robert Kydd, 71 
Elm St., Chelmsford, Mass.) All animals were 
housed in individual cages and maintained on a 
commercial guinea pig diet, supplemented twice 
weekly with fresh lettuce. 
The materials tested were: viscous TBC, 100% 
(supplied by the American Oil Company, Chicago, 
Illinois); pure, crystalline TBC and TBP (para-
tertiary butyl phenol) (supplied by the Dow 
Chemical Company. Midland, Michigan); assem-
bly oil blends of No. 4A and 9, with and with?ut 
TBC 0.005 % and certified A.C.S. or Analytical 
Realient grad~s of sodium hydroxide, sulfuric acid, 
95% alcohol, 90% dimethylsulfoxide (DMSO), 
sodium chloride, acetone, propylene glycol, and 
distilled water. 
All concentrations of chemicals used were weight 
in volume solutions, except for viscous TBC, 
diluted in solvents as volume in volume solutions. 
The technique involved the daily application of 
0.1 ml. of test material to 3 em X 3 em shaved 
areas on the backs of the animals for periods up 
to three weeks. The dorsal skin of unepilated ears 
was painted daily for three weeks with a glass rod. 
At least one shaved area was left untreated. All 
animals were observed for three months. Punch 
biopsies were performed on treated and control 
sites. 
The depigmentation observed was classified as 
follows: absent-no visible depigmentation; def-
inite, but weak-small spots or speckles of 
hypopigmentation; definite, but moderate-uni-
form hypopigmenting; very strong-complete de-
pigmentation. Table I indicates our criteria for 
scoring irritation. 
3. Albino guinea pigs were used to assess the 
ability of TBC to sensitize guinea pig skin. The 
method used was the Landsteiner technique as 
modified by Draize and further modified by 
Hood (7-9). Over an 18-d.ay period nine separate 
areas on the shaved backs of ten Hartley strain 
albino guinea pigs were scarified by four one-half 
inch long cross hatch scratches with a No. 11 Bard-
Parker blade imbedded in a cork. A drop of the 
test material, TBC 1%, in propylene glycol, was 
rubbed in with a glass rod. Five control animals 
were similarly prepared, but propylene glycol alone 
was used. After a rest period of two w eks, all 15 
animals were challenged with TBC, 1% in propy-
lene glycol on a previously untreated area on the 
flank. Observations were made daily for three 
days. 
RESULTS 
A. Human Studies 
1. Patch tests. The four affected workers 
developed no irritant reactions to the assembly 
TABLE II 
Jl1aximum responses to continuous occlusion for 
seven to fourteen days of assembly oil blend , TBC, 
and propylene glycol in six adult men 
Age Assembly Assembly
 Propylene Propylene 
Subject oil with glycol (in oil TBC, glycol with no. years) plain 0.005% pure TBCl% 
1 32 + + + + 
2 50 + ++ 0 +++ 
3 32 ++ ++ + + 
4 34 + ++ + ++ 
5* 29 +++ +++ ++ ++ 
6t 44 ++ ++ + + 
*Negro 
t White subject with vitiligo 
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TABLE III 
Evaluation of depigmenting potency and irritant effects of T BC and TBP in different vehicles at various 
concentrations in twelve black guinea pigs 
Chemical Solvent Concentration Degree of Depigmenting grams% irritation potency 
1. TBC, crystalline acetone 0.005 0 absent 
0.05 0 absent 
0.1 0 absent 
0.5 + absent 
1 ++ absent 
5 ++++ definite, but weak* 
10 ++++ definite, but weak* 
DMSO 1 + definite, bu t moderate 
5 ++++ definite , but moderate 
10 ++++ strong 
propylene glycol 1 0 absent 
5 ++ absent 
10 +++ absent 
assembly oil blend 5 ++++ strong 
10 ++++ strong 
2. TBC, viscous acetone 0 .005 0 absent 
0 .05 0 absent 
0.1 + absent. 
0.5 + absent 
1 ++++ strong 
5 ++++ strong 
10 ++++ strong 
assembly oil blend 0 .005 ++++ absent t 
0.05 ++++ absen tt 
0 .1 ++++ absentt 
0 .5 ++++ absent t 
1 ++++ abse ~lt, t 
~. 1BP crystalline aceto ne 0.005 0 absent 
1 0 absen t 
5 + absent 
10 +++ absent 
J>M 0 1 0 absent 
5 0 ab ent 
10 ++ strong 
propylene glycol 1 0 absent 
5 0 absent 
10 ++ strong 
* Hyperpigmentation of t he skin followed the inflammatory reaction, but some hairs depigmented . t H yperpigmentation of skin and hai rs fo llowed the inflammatory react.ion. 
oil ("vithout TBC) , rubber gloves, pota sium 
dichromate, and nickel chloride. Positive reac-
tion t o TBC 0.1% in acetone developed in 
two after 24 hour ( 1 + and 2+) . A third 
developed a 3+ reaction by th fifth day . The 
latt r reaction ub ided o-radually leaving a 
zone of depio-m ntation, 21 mm X 22 mm, 
whi h \Va till pre ent when la t een two 
mnnth after t tino-. No depio-mentation fol-
lowed clearing of the positive reactions m the 
former two ca e . 
2. Occlusion of assembly oil and TBC in 
volunteers (Table II) . Irritant reactions were 
induced in all six subjects by the assembly oil 
after seven to fourteen days of continuou oc-
clu ion. In i;wo subject~ reactions tended to be 
strono-e.r if TBC was present in the assembly 
oil and propylene glycol. In one of the subjects 
EXPERIMENTAL DEPIGMENTATION 193 
FIG. 1. Depigmentation (right) induced by repeated applications of 10% TBC in a sembly 
oil. Normally pigmented skin (left). 
there was no reaction to propylene glycol 
alone, but a 3+ response when TBC was in 
thin solvent. No depigmentation followed the 
irritant reactions. In the Negro volunteer, re-
actions faded with re idual hyperpigmentation. 
B. Animal Studies 
1. T!fhite rabbits. Only viscous TBC1 100%, 
produced a transient 1 + reaction on the dorsal 
skin of the back. No irritation was induced by 
0.1 o/o TBC or the assembly oils. vVhen 100% 
viscous TBC was placed on the ear, necrosis 
was induced. 
2. Black guinea pigs (Table III). Depig-
mentation was induced only when the solvent 
carriers contained TBC or TBP in suitable 
concentrations. Pigment loss wa confined to 
the skin of te t sites when pure crystalline 
TBC was incorporated into acetone, D 1\IISO, or 
assembly oil blend, but not in propylene glycol 
(Fig. 1). A related compound, TBP, did induce 
depigmentation when dis olved in propylene 
glycol, as well as in DMSO, but only at a 10% 
concentration. When viscous TBC was dissolved 
in acetone depigmentation was also induced 
(Fia. 2). However, when incorporated into the 
a embly oil blend, uniform hyperpigmenta ion 
was induced at all concentrations. No pigmen-
tary change developed without antecedent in-
flammation. 
3. Albino guinea pigs. None of these animals 
wa sen itized by the method employed. 
C. B iopsies of Treated and Control Areas from 
Pigmented Guinea Pigs 
Hematoxylin and eosin, and silver stains re-
vealed partial to complete absence of pigment 
in the epidermin and hair follicles in sites de-
pigmented with TBC and TBP. When assembly 
oil blend was the vehicle for viscous TBC, 
hyperkeratosis and uniform hyperpigmentation 
wa. noted in thene ites when compared to the 
untreated areas (Figs. 3, 4 and 5). 
D. Reactions to Solvents and Irritants 
No irritation or pigmentary change was 
produced by acetone, propylene glycol, 95% 
ethyl alcohol, distilled water, or 0.85% sodium 
chloride. DMS01 90%, produced mild irritation 
followed by hyperpigmentation at the periphery 
of the test site. The assembly oil blend pro-
duced moderate irritation ( ++) followed by 
uniform hyperpigmentation. Both sodium 
hydroxide ( 10% and 20%) and sulfuric acid 
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FIG. 2. Depigmentation induced by repeated applications of 1% viscous TBC in acetone. 
Fro. 3. Depirrm nted area (left) , normally pirrmented skin (right), black guinea pig kin 
treated with 5% TBC in acetone X 40 silY r stain . 
(10%) promptly indue d sever_ely irritant re-
actions leading to hyperpigmentation (with the 
acid onl ) . 
All hyperpigmented and d pigmented test 
ar a returned to the pre-treatment hair and 
skin color within three months after testing. 
COM1.1ENT 
In their earch for depi(J'menting compounds, 
Bleeh n et al. found the most potent of the 
33 tudied ( catechols, thiols, and mercaptoa-
mine ) wa 4-i opropyl catechol (IPC) (1). 
Group sub titutions at the 4 (para) position 
exerted the greate t depigmenting activity. 
Onl. one black guinea pig was exposed to 
TBC by these author , and uniform depig-
mentation re ulted. They used a 5% concen-
tration in a cream base. 
Our findings confirm the ability of TBC to 
depigment black gumea pig skin when incor-
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Fra. 4. Area of irritation with hyperkeratosis, 
hyperpigmentation and round cell infiltrate from 
assembly oil blend without TBC, X 100 H + E. 
porated into a variety of solvents. None of the 
solvent alone, including the irritat ing a sembly 
oil blend, induced post-inflammatory pigment 
loss; nor did exposure to concentrated sodium 
hydroxjde and . ulfuric acid despite severe 
irritating re£tctions. The exact mechanism of 
depigmentation is not known, but selective 
destruction of the melanocyte has been postu-
lated (1). Other pos ible mechani m suggested 
include interference at different steps in the 
biosynthesi of melanin (10-11). 
Although none of the volunteers developed 
pigment loss after continuous occlu~ion with 
TBC, 1%, in propylene glycol for up to two 
weeks, irritation to both was demonstrated. 
Five of the ix control subjects were irritated 
by the solvent, propylene glycol, and two had 
more severe reactions when TBC was present. 
Irritation to propylene glycol has been reported 
( 12) . In view of our findings the use of 1% 
TBC in petrolatum or acetone for patch te ting, 
as suggested by Fisher and Gaul, is probably 
too strong (2-6). A 0.1% concentration in acetone 
is recommended. 
Three of the four worker with l ucoderma 
in our study bad positive patch t t to 0.1-% 
TBC in acetone. Of a-reater significance was 
the depigmentation induced in one ubject at 
the po itive patch te t ite. uch a phenomenon 
is unique, and of ignificance in thi study. A 
biop y wa no penni ted. 
Although sensitization to TBC could not be 
demonstrated, it has been noted that guinea 
pigs may not become ensitized consistently to 
antigen capable of sensitizing man (13). The 
preparative or synergi tic irritant effects of the 
assembly oil blend and the TBC could well 
facilitate ensitization to the TBC among the 
workers. Hand dermatitis was very common 
among the a sembly worker , affecting at least 
ten percent on any given day. 
Allergic contact dermatiti to TBC has been 
reported mainly from it u e in a wet dupli-
cating process (3-5). In no report was pigment 
los mentioned as a equel to the dermatitis, 
or to the patch test:--. However, late observa-
tions of patch test sites (i.e., months later) 
are usually not made. One of t he commone t 
sen itizers i another catechol (pentadecycl 
FIG. 5. Untreated control area, black guinea pig 
skin, X 40, silver stain. 
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catechol) which causes Rhus dermatitis. Rather 
than pigment loss, hyperpigmentation is a more 
common residual finding (per anal commtmi-
cation from A. A. Fisher, October 3, 1968). 
Depigmentation is rarely ob erved (14). 
The related compound, TBP, was studied 
because depigmentation due to TBP in a plant 
manufacturino- it and other phenolics has been 
alleged in Holland (per anal communication 
from K. E . Mal ten, November 5, 196 ) . Other 
case of leucoderma were een in Denver, 
Colorado, and suspected of being due to TBP 
from contact with a germicidal solution con-
taining it (personal communication from G. 
Kahn, November 19, 196 ) . We were able to 
induce uniform depigmentation in black guinea 
pig with 10% TBP in DMSO or propylene 
glycol. We did not test this chemical in 
humans. 
Of major sio-nificance is the role of the 
dihydrm .. )'benzenes in depio-menting skin (Fig-
ure 6). Hydroquinon (HQ), a well recognized 
and commercially available depio-menting ub-
stance, is the "para" form, or 1, 4, whereas 
catechols have the ((ortho", or 1~ 2 attachments 
of the hydro:xyl groups (15-16). Monobenzyl 
ether of hydroquinone (MBEH) i an analogue 
of h droquinone and i the sole accepted cause 
of occupational depio-mentation (17-19). The 
irritant action of man depi()'menting sub-
stances a tudied by Brun, Bleehen, et al., 
has been stres ed (1, 20). It has been the 
irritant properties, allero-ic sensitization, and ina-
bility to control the degree and extent of de-
pigmentation, that limit the commercial u ·e of 
these substance as depigmenting agents. 
It is important to recognize the ability of 
many dihydroxybenzene compounds to depig-
ment human skin, in addition to their ability 
to produce nonspecific irritation and allergic 
sensitization. Protective clothing should be 
worn to protect workers where there is a pos-
sibility of prolonged skin contact. Commercial 
products containing such chemicals should be 
creened for their depigmenting potency and 
appropriate warning labels attached. 
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